Design of a surface-based factory for the production of life support and technology support products. Phase 2: Integrated water system for a space colony by unknown
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DEPARTMENT OF CHEMICAL ENGINEERING 
NASA/USRA - ADVANCED DESIGN PROGRAM 
PEIASE I1 - TASK IB 
CONCEPTUAL DESIGN OF AN INTEGRATED WATER TREATMENT SYSTEM 
TO SUPPORT A SPACE COLONY 
SUMMARY: 
In Phase I1 - Task 1A the Prairie View A&M University 
team completed the conceptual design of; a breathable air 
manufacturing system, a means of drilling for underground 
water, and storage of water for future use. The design 
objective of the team for the 1987-88 academic year (Phase 
I1 - Task lB), has been the conceptual design of an 
integrated system for the supply of quality water for 
biological consumption, farming, residential and industrial 
use. The source of water for these applications is assumed 
to be artesian or subsurface. 
The first step of the project was to establish the 
design criteria and major assumptions. Among these, we have 
included: 
1. Water is scarce, therefore efficient water management 
through maximum recovery and reuse is critical. 
2. Pollution problems will be minimized by exercising 
strict control on water discharge. 
3 .  An effective hierarchial monitoring and control 
system will provide f o r  quality control, and prompt 
attention to faulty equipment and leaks. 
4. Since the pressure of the Martian atmosphere is only 
a small fraction of the earth atmosphere, all vessels 
and equipment must be sealed to prevent evaporation. 
5. Three classes of water are defined: a. Water for 
farming must have a maximum mineral content such 
that plant life will flourish. b. Water for drinking 
must be free of pathogenic organisms and have a 
maximum salt content of less than 2 0 0  ppm. c. Water 
for manufacturing must be sufficiently free of ions 
such that they will not interfere with the 
manufacturing process or damage the quality of the 
product. d. Ion-free water will be provided for use 
in boilers in order to avoid erosion or corrosion of 
the materials of construction. 
6. The various impurities which may be found in water 
and are reduced or removed at successive stages of 
treatment are: 
turbidity, color, hardness, alkalinity, free 
mineral acid, carbon dioxide, pH, silica; 
oil, oxygen, hydrogen sulfide, ammonia, dissolved 
solids, suspended solids, organic solids, 
micro-organisms, and sulfate, chloride, nitrate, 
flouride, iron and manganese ions. 
7. It has been assumed that the potential underground 
raw water supply resembles in quality from 
representative sources of underground water in 
Texas. 
The assumed water impurities are: 
Sodium Chloride {NaCl} 7.80 456.3 
28.6 Magnesium Chloride (MgCl } 0.60 
Calcium Bi-Carbonate {Ca(HCO3I2} 0.57 46.2 
Calcium Sulfate {CaS04} 3.07 208.0 
Magnesium Bi-Carbonate {81g(HC03)2} 0.36 43.9 
8. Advanced technologies, which are not widely applied 
on earth, rather than traditional biological 
treatment, softening, and clarification techniques 
should be sought. 
The second step of the effort was to generate a general 
block diagram of the expected treatment system and assign 
tasks to individual students. Among the treatment steps 
considered are: 
sedimentation, softening, sand filtration, 
disinfection, ultrafiltration, reverse 
osmosis, demineralization, electrodialysis, 
vapor-compression evaporation, domestic 
waste treatment, and industrial waste 
handling. 
At this early phase of study, no specific industries were 
selected, and hence no specific waste facilities were 
designed. It appears appropriate at this point in time to 
assume that evaporation by depressurization is a feasible 
means of recovering a major portion of the industrial waste 
water. 
The list of processes for water purification and wastewater 
treatment given above suggests that there will be a need for 
on-site Chemicals manufacturing for ion-exchange 
regeneration, and disinfection. 
The third step of the project was to set up a basis for 
the design capacity of the system. A total need of 10,000 
gal/day was assumed required. It was also assumed that 
30,000 raw-water intake volume is needed to produce the 
desired effluent volume. The following is a summary of the 
potential users and the level of treatment required: 
APPLI CAT1 ON EFFLUENT 
Farming Municipal (domestic) wastewater 
treatment effluent. All waste 
produced by quarters and biologi- 
cal waste is directed to the 
waste water treatment facility. 
Additional water needed can be 
supplied by proper blending of 
reverse osmosis (stage 1) unit 
effluent and raw water to arrive 
to the desirable salinity level. 
Domestic The effluent from the reverse 
(Washing/Cooking) osmosis (stage 1) is disinfected 
and stored for use in the 
quarters. 
Drinking A part of the effluent from the 
reverse osmosis (stage 2 )  is 
disinfected and stored. 
Processing The major part of the reverse 
(Manufacturing) osmosis (stage 2 )  effluent is 
directed for this application. 
Steam and Special Ion-free deaerated water is 
Users produced for applications that 
require high purity water. 
The fourth step of the project was for every individual 
student to screen the technology available and select the 
most suitable process(es) for his treatment phase. Detailed 
assumptions and criteria were established for each individual 
unit. As a result of these screening studies, the following 
sequence of treatment steps are selected for the system: 
Sand Filtration: The purpose is to remove suspended 
solids with particle sizes of 10 microns and above. 
The process selected is a sand on gravel bed constructed 
on site. This has been chosen over cloth filtration and 
rotary vacuum filtration. The former is excluded 
because of the semi-manual nature of operation, the 
latter was excluded because of the moving parts and 
frequent need for maintenance. Figure 1 shows a guide 
for solid removal process selection. 
Ultrafiltration: The process was selected as an 
additional cleaning step, for the removal of fine 
suspended solids; over microfiltration, centrifugation, 
and ultracentrifugation. Ultrafiltration was selected 
because it has a high removal efficiency for a wide 
range of particle sizes and has less moving parts. Size 
range of removal is 0.01 to 10 microns. 
Reverse Osmosis: The process operation is based on 
increasing the pressure above the osmotic pressure of 
the brine solution to force clear water molecules 
across a permeable membrane. Two stages of reverse 
osmosis were preferred over one stage, each has a 
different membrane permeability. The first stage 
effluent can be used, in part, for domestic and farming 
applications. The remaining part of the first stage 
effluent is directed to the second stage osmosis process 
to produce extra clean water for industrial processing. 
The process was selected over electrodialysis for the 
lower power requirements, and over the ion exchange 
process for the size and weight. 
Demineralization: This is an ion exchange process, and 
is being selected as a topping cleaning step to produce 
an ultra ion-free water for speciality manufacturing 
and steam making. The unit will be of much smaller 
size due to the fact that only a small part of the 
volumetric flowrate going through the second stage of 
the reverse osmosis unit will be demineralized. 
Domestic Wastewater Treatment: The technology available 
is divided into two types based on cost only. The 
diversity of processes to select from is exemplified in 
Figure 2 .  Industrial wastewater facilities were not 
addressed at this point due to lack of information about 
the nature of contaminants produced. 
A general arrangement of the designed system is shown in 
Figure 3 .  The industrial portion is hypothetically drawn and 
boxed for future analysis. The names of investigators are 
also written on the corresponding unit of the system. 
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